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DESCRIPTION 

BACKUP CIRCUIT 

Technical Field 

The present invention relates to a backup circuit for 
holding information stored in a storage circuit within a 
digital circuit when source power is cut off, and more 
particularly to a backup circuit capable of being fabricated 
by the standard CMOS process. 

Background Art 

In one known digital circuit, as disclosed in, e.g., 
JP-A-2001-327101, a backup circuit constituted by a backup 
capacitor is disposed between a power supply terminal and 
the digital circuit. When a voltage is supplied from the 
power supply terminal, the backup capacitor is charged, and 
when no voltage is supplied upon power cutoff, a voltage is 
supplied to the digital circuit with electrical charges that 
have been charged in the backup capacitor, thereby holding 
information stored in the storage circuit. 

Then, to prevent the voltage charged in the backup 
capacitor from being supplied to the exterior from the power 
supply terminal, it is known to dispose a diode between the 
power supply terminal and the backup capacitor. An anode of 
the diode is connected to the power supply terminal, and a 
cathode of the diode is connected to one terminal of tiie 
backup capacitor. A current is thereby prevented from 
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flowing backward from the backup capacitor toward the power 
supply terminal when the voltage supplied from the power 
supply terminal drops. 

In the case using the diode, however, some special 
process, such as the SOI process, is required because the 
standard CMOS process cannot be used to constitute the diode 
and the digital circuit on the same LSI chip. Accordingly, 
when the digital circuit is constituted by using the 
standard CMOS process, a problem arises in that the diode 
must be formed as an external device. Another problem with 
the use of the diode is that the diode causes a voltage drop 
even during the normal operation. 

On the other hand, it is also known to use, instead of 
a diode, a MOS transistor driven by an oscillator and a 
charge pump. In this known related art, the oscillator is 
driven by a voltage supplied from a power supply terminal, 
and the charge pump is driven by an output of the oscillator . 
Further, an anode of the MOS transistor is connected to the 
power supply terminal, and a cathode of the MOS transistor 
is connected to one terminal of the backup capacitor. An 
output of the charge pump is supplied to a gate of the MOS 
transistor. When the voltage supplied from the power supply 
terminal drops, the oscillator is stopped to reduce the 
voltage applied from the charge pump to the gate of the MOS 
transistor, whereby the MOS transistor is turned off to 
prevent a current from flowing backward from the backup 
capacitor toward the power supply terminal. Since a backup 
circuit having such an arrangement can be fabricated by the 
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standard CMOS process, the backup circuit can be integrated 
on the same semiconductor chip as the digital circuit, and a 
voltage drop hardly occurs. 

Disclosure of the Invention 

However, the backup circuit using the oscillator, the 
charge pump, and the MOS transistor has the problem that 
about 15 transistor devices are required to constitute the 
oscillator and the charge pump, and a circuit scale is 
increased with a larger number of devices required. 

An object of the present invention is to provide a 
backup circuit that can be fabricated by the standard CMOS 
process and has a small circuit scale. 

(1) To achieve the above object, according to the present 
invention, in a backup circuit disposed between a digital 
circuit including a storage circuit and a power supply 
terminal for supplying power to the digital circuit, and 
including a backup capacitor for supplying a backup voltage 
to the digital circuit when the power is cut off, thereby 
holding information stored in the storage circuit, the 
backup circuit includes devices which are capable of being 
formed by a standard CMOS process, which are disposed 
between the power supply terminal and the backup capacitor, 
and which serve as resistors when the power is normally 
supplied to the power supply terminal, and as diodes each 
operating with a backward direction thereof defined as the 
direction from the digital circuit toward the power supply 
terminal when the power is cut off. 
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With those features, the backup circuit can be 
fabricated by the standard CMOS process, and the circuit 
scale can be reduced. 

(2) In above (1), preferably, the devices are MOS 
transistors, and gate terminals of the MOS transistors are 
connected to a ground potential. 

(3) In above (2), preferably, the MOS transistors are 
connected in series in plural number. 

(4) In above (1), preferably, the backup circuit further 
comprises shift means for shifting the digital circuit to a 
power low-consumption state when a voltage at the power 
supply terminal drops to a level not higher than a 
predetermined voltage . 

(5) In above (4), preferably, the shift means is voltage 
detecting means for detecting the voltage at the power 
supply terminal and shifting the digital circuit to a 
standby state when the voltage at the power supply terminal 
drops to a level not higher than the predetermined voltage. 

(6) In above (4), preferably, the shift means is an 
oscillator driven by the voltage supplied from the power 
supply terminal, driving the digital circuit with a clock 
signal outputted from the oscillator, and stopping 
oscillation when the voltage supplied from the power supply 
terminal drops to a predetermined voltage. 

(7) In above (1), preferably, the backup circuit further 
comprises reset means for resetting the digital circuit when 
a voltage at the power supply terminal drops to a level not 
higher than a predetermined voltage. 
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(8) In above (7), preferably, the reset means resets the 
digital circuit with a delay of a predetermined time after 
the voltage at the power supply terminal has dropped to a 
level not higher than the predetermined voltage. 

Brief Description of the Drawings 

Fig. 1 is a circuit diagram showing the configuration 
of a backup circuit according to a first embodiment of the 
present invention . 

Fig. 2 is a sectional view showing the sectional 
structure of a MOS transistor used in the backup circuit 
according to the first embodiment of the present invention. 

Fig. 3 is a chart for explaining the operation of the 
backup circuit according to the first embodiment of the 
present invention . 

Fig. 4 is a circuit diagram showing the detailed 
configuration of the backup circuit according to the first 
embodiment of the present invention. 

Fig. 5 is a circuit diagram showing the configuration 
of a backup circuit according to a second embodiment of the 
present invention . 

Fig. 6 is a block diagram showing the configuration of 
a digital circuit backed up by the backup circuit according 
to the second embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

The configuration and operation of a backup circuit 
according to a first embodiment of the present invention 
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will be described below with reference to Figs. 1-4. 

A description is first made of the configuration of the 
backup circuit of this embodiment with reference to Fig. 1. 

Fig. 1 is a circuit diagram showing the configuration 
of the backup circuit according to the first embodiment of 
the present invention. 

A backup circuit 10 comprises p-MOS transistors MOSl, 
M0S2 connected in series, a backup capacitor CI, a voltage 
detection circuit 12, and a delay circuit 14. 

A cathode terminal Kl of the MOS transistor MOSl is 
connected to a power supply terminal Tin- An anode terminal 
Al of the MOS transistor MOSl is connected to the cathode 
terminal K2 of the MOS transistor M0S2 . A gate terminal Gl 
of the MOS transistor MOSl is connected to a power supply 
terminal Tgnd- The power supply terminal Tgnd is at a ground 
potential. An external power source is connected to the 
power supply terminals Tin, Tgnd for supply of a voltage VI. 

The cathode terminal K2 of the MOS transistor MOS2 is 
connected to the anode terminal Al of the MOS transistor 
MOSl. An anode terminal A2 of the MOS transistor M0S2 is 
connected to a power supply terminal VDD of a digital 
circuit 20. A gate terminal G2 of the MOS transistor MOS2 
is connected to the power supply terminal Tgnd- With such an 
arrangement, the MOS transistors MOSl, M0S2 are connected in 
series between the power supply terminal Tin and the power 
supply terminal VDD of the digital circuit 20. 

As described in detail later with reference to Fig. 2, 
the p-MOS transistors MOSl, M0S2 serve as resistors when the 
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power is normally supplied from the exterior, and as diodes 
each operating with its backward direction defined as the 
direction from the digital circuit 20 toward the power 
supply terminal Tin when the power is cut off. 

One terminal of the backup capacitor CI is connected to 
a junction between the anode terminal A2 of the MOS 
transistor M0S2 and the power supply terminal VDD of the 
digital circuit 20. Another terminal of the backup 
capacitor CI is connected to the power supply terminal Tgnd- 
The backup capacitor CI is charged with the source voltage 
that is supplied from the power supply terminal Tin, Tqnd to 
the power supply terminal VDD of the digital circuit 20. 

The voltage detection circuit 12 detects the voltage 
between the power supply terminals Tin and Tgnd and generates 
a signal for shifting the digital circuit 20 to a low-power 
state (standby state) . An output of the voltage detection 
circuit 12 is inputted to a standby terminal STANBY of the 
digital circuit 20. When an input signal at the standby 
terminal STANBY of the digital circuit 20 takes a high level, 
the digital circuit 20 stops the supply of the power to a 
CPU (computing unit), etc. included in the digital circuit 
20 and is shifted to the low-power state. At this time, a 
storage device, such as a ROM, in the digital circuit 20 
holds information stored therein with the voltage supplied 
from the power supply terminal VDD of the digital circuit 20. 

The delay circuit 14 generates a delay signal for 
delaying an output signal of the voltage detection circuit 
12. An output signal of the delay circuit 14 is supplied to 
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a reset terminal RESET of the digital circuit 20. When an 
input signal at the reset terminal RESET changes from a low 
level to a high level, the digital circuit 20 resets the CPU, 
etc. therein so that the operation of the digital circuit 20 
is restored. 

The sectional structure of the MOS transistor used in 
the backup circuit of this embodiment will be described 
below with reference to Fig. 2. 

Fig. 2 is a sectional view showing the sectional 
structure of the MOS transistor used in the backup circuit 
according to the first embodiment of the present invention. 
Note that the same reference numerals as those in Fig. 1 
denote the same components . 

The p-MOS transistors MOSl, M0S2 are constituted by 
forming N-WELLs m2, m3 in a P-SUB substrate ml to be 
separate from each other, and forming P+ diffusions m4, m5; 
m6, m7 and gate electrodes m8, m9 in the N-WELLs m2, m3, 
respectively. In other words, those MOS transistors can be 
fabricated by the standard CMOS process. 

The operation of the backup circuit of this embodiment 
will be described below with reference to Figs. 1 and 3. 

Fig. 3 is a chart for explaining the operation of the 
backup circuit according to the first embodiment of the 
present invention . 

In the backup circuit 10 shown in Fig, 1, because the 
gate terminals of the MOS transistors MOSl, M0S2 are 
connected to the ground potential in the normal state, the 
MOS transistors MOSl, M0S2 are in the turned-on state and 
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function as small resistances during the normal operation. 
Therefore, the MOS transistors MOSl, M0S2 supply the voltage 
applied between the power supply terminals Tin, Tqnd to the 
digital circuit 20 without causing a noticeable voltage drop. 
Assuming here that a resistance resulting when one MOS 
transistor is in the turned-on state is 2 a resistance 
value of the two MOS transistors MOSl, M0S2 is 4 Q. 
Assuming that a current flowing through the MOS transistors 
MOSl, M0S2 is 10 mA, a voltage drop in the MOS transistors 
MOSl, M0S2 is just 0.04 V. 

During the normal operation, therefore, a voltage V2 
supplied to the power supply terminal VDD of the digital 
circuit 20 is just about 0.04 V lower than the external 
voltage VI supplied between the power supply terminals Tin 
and Tgnd/ as shown in Fig. 3. 

On the other hand, when the power is cut off, the MOS 
transistor M0S2 does not operate as a MOS transistor, but it 
operates as a diode with the functions of the P+ diffusion 
m7 and the N-WELL m3 . Similarly, the MOS transistor MOSl 
operates as a diode with the functions of the P+ diffusion 
m5 and the N-WELL m2 . 

Accordingly, as shown in Fig. 3, when the power is cut 
off at a time tl, the voltage V2 supplied to the digital 
circuit 20 is maintained at a voltage 2Vd (about 1.2 V), 
which corresponds to two diodes each having a forward 
voltage Vd, in spite of that the voltage VI supplied between 
the power supply terminals Tin and Tgnd becomes 0 V. In 
general, a storage device in the digital circuit 20 is 
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constituted by, e.g., flip-flops and a RAM, and the storage 
device is able to maintain information even when the source 
voltage is reduced to about 0.5 V. In other words, by 
keeping the voltage V2 supplied to the digital circuit 20 at 
a voltage of about 1.2 V, which corresponds to twice the 
forward voltage of one diode, the backup circuit 10 of this 
embodiment enables the information stored in the flip-flops 
and the RAM inside the digital circuit 20 to be maintained 
as it is. Thus, the digital circuit 20 can also be normally 
operated after the restoration of the power from the cutoff 
state . 

Because the storage device is generally able to 
maintain information even when the source voltage is reduced 
to about 0.5 V, the backup circuit may include only one MOS 
transistor from that point of view. In practice, however, 
the voltage at which each storage device is able to maintain 
information is changed due to variations caused during the 
manufacturing process. For that reason, in this embodiment, 
two MOS transistors are connected in series to keep the 
source voltage at about 1 . 2 V so that the information can be 
maintained regardless of individual variations among the 
storage devices. 

With this embodiment, as described above, the p-MOS 
transistors MOSl, M0S2, which serve as resistors when the 
power is normally supplied from the exterior and as diodes 
each operating with its backward direction defined as the 
direction from the digital circuit 20 toward the power 
supply terminal Tin when the power is cut off, are connected 



10 



to the power supply terminal Tin and the power supply 
terminal VDD of the digital circuit 20. The MOS transistors 
can be fabricated by the standard CMOS process and hence can 
be integrated on the same semiconductor chip as the digital 
circuit 20. Also, the MOS transistors hardly generate a 
voltage drop during the normal operation. Further, since 
the MOS transistors function as diodes when the power is cut 
off, the current can be prevented from flowing backward from 
the backup capacitor toward the power supply terminal. In 
addition, because of just two MOS transistors being employed, 
as compared with the known circuit using the oscillator, the 
charge pump and the MOS transistor, the oscillator and the 
charge pump are no longer required, while just one MOS 
transistor is added. Consequently, the number of necessary 
devices can be reduced and hence the circuit scale can be 
substantially halved. 

Although the MOS transistors have been described as 
being p~MOS, the backup circuit of this embodiment may be 
constituted using n-MOS transistors. 

The voltage detection circuit 12 enables the digital 
circuit 20 to be shifted into the power low-consumption 
state when the power is cut off, thus prolonging a time 
during which the backup capacitor CI for backing up the 
source voltage can hold the source voltage. 

Further, the delay circuit 14 is disposed to supply a 
reset signal to the digital circuit 20 after a delay time 
set by the delay circuit has lapsed from the restoration 
from the power cutoff. With that feature, even for the 
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.digital circuit having a risk of causing instability after 
the restoration from the power cutoff, it is possible to 
stabilize the digital circuit after the restoration. 

The detailed configuration of the backup circuit of 
this embodiment will be described below with reference to 
Fig. 4. 

Fig. 4 is a circuit diagram showing the detailed 
configuration of the backup circuit according to the first 
embodiment of the present invention. Note that the same 
reference numerals as those in Fig. 1 denote the same 
components . 

In Fig. A, an inverter MOS circuit INVl is used as the 
voltage detection circuit 12, and an inverter MOS circuit 
INV2 is used as the delay circuit 14. When the voltage VI 
applied between the power supply terminals Tin and Tgnd has 
become 0 V at the time tl in Fig. 3, an output of the 
inverter MOS circuit INVl is changed from a low level to a 
high level. Upon the output of the inverter MOS circuit 
INVl being changed to the high level, the digital circuit 20 
is shifted to the standby state, i.e., to the power low- 
consumption state . 

The inverter MOS circuit INV2 serves to delay an input 
signal and comprises a plurality of inverters that are 
connected in series. On condition that the output of the 
inverter MOS circuit INVl is changed from a low level to a 
high level at the time tl in Fig. 3 and the digital circuit 
20 resets the internal CPU, etc. when the input signal at 
the reset terminal RESET is changed from a low level to a 
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high levels the number of inverters constituting the 
inverter MOS circuit INV2 is set to an even number. In the 
digital circuit 20 that becomes unstable when it is restored 
from the power cutoff, the signal is delayed for a time 
during which the instability disappears. Assuming the delay 
time of one inverter to be 10 ns, for example, the number of 
inverters connected in series is set based on that delay 
time so as to ensure a total delay time required for the 
digital circuit 20 to stabilize. If the required delay time 
is long, a capacitor C2 may be connected to an output of the 
inverter MOS circuit INV2, as shown in Fig. 4, so that the 
delay time is prolonged by a time required for charging the 
capacitor C2 . 

According to this embodiment, as described above, when 
the voltage supplied from the power supply terminal drops, 
the current can be prevented from flowing backward from the 
backup capacitor toward the power supply terminal. Further, 
the backup circuit can be fabricated by the standard CMOS 
process. In addition, the circuit scale can be reduced. 

The configuration and operation of a backup circuit 
according to a second embodiment of the present invention 
will be described below with reference to Figs. 5 and 6. 

Fig. 5 is a circuit diagram showing the configuration 
of the backup circuit according to the second embodiment of 
the present invention. Fig. 6 is a block diagram showing 
the configuration of a digital circuit backed up by the 
backup circuit according to the second embodiment of the 
present invention. Note that, in Fig. 5, the same reference 
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numerals as those in Fig, 1 denote the same components. 

In Fig. 5, a backup circuit lOA comprises p-MOS 
transistors MOSl, iyiOS2 connected in series, a backup 
capacitor CI, and an oscillator 16. The operations of the 
p-MOS transistors MOSl, M0S2 and the backup capacitor CI are 
the same as those of the corresponding components shown in 
Fig. 1. 

The oscillator 16 is operated with the voltage applied 
between the power supply terminals Tin and Tgnd and outputs a 
clock signal from a clock terminal CLK. The clock signal is 
supplied to a clock terminal CLK of a digital circuit 20A. 
When the voltage applied between the power supply terminals 
Tin and Tgnd drops, the oscillator 16 automatically stops 
oscillation . 

In Fig. 6, the digital circuit 20A comprises a program 
counter 21, a ROM 22, a register group 23, a computing unit 
24, and an input /output circuit 25. The program counter 21 
cyclically repeats counts from 0 to a maximum value for 
management of program run. The ROM 22 outputs a program, 
which is stored therein beforehand, in accordance with an 
output of the program counter 21. Program code outputted 
from the ROM 22 is sent to the register group 23, the 
computing unit 24, and the input/output circuit 25 via a 
control code bus CCB. The register group 23 temporarily 
holds data, and the computing unit 24 executes computations. 
The input /output circuit 25 inputs and outputs data. 
Transfer of data among the register group 23, the computing 
unit 24, and the input/output circuit 25 is made via a data 
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bus DB. 

The clock signal inputted from the oscillator 16 in Fig. 
5 is supplied to each of the program counter 21, the ROM 22, 
the register group 23, the computing unit 24, and the 
input/output circuit 25. Therefore, when the voltage 
applied between the power supply terminals Tin and Tgnd drops 
and the oscillator 16 automatically stops oscillation, the 
program counter 21, the ROM 22, the register group 23, the 
computing unit 24, and the input/output circuit 25 of the 
digital circuit 20A, which are supplied with operating 
clocks from the oscillator 16, also stop operations and come 
into the power low-consumption state. 

Further, in the digital circuit 20A, the program 
counter 21 cyclically repeats counts such that the program 
is operated in a cyclic manner. Accordingly, even when the 
program operation runs away with power cutoff, it is 
positively restored through the cyclic operation of the 
program counter 21. In other words, the program operation 
can be restored without needing any reset operation . 

With this embodiment, as described above, when the 
voltage supplied from the power supply terminal drops, the 
current can be prevented from flowing backward from the 
backup capacitor toward the power supply terminal. Further, 
the backup circuit can be fabricated by the standard CMOS 
process. In addition, the circuit scale can be reduced. 

Industrial Applicability 

According to the present invention, it is possible to 
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fabricate the backup circuit by the standard CMOS process 
and to reduce the circuit scale. 
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